In animalexperiments,high doses of catecholamines exhibit cardiotoxicity and can produce myocardial hecroses (see review of literature by HECHT [4] ) which are mediated by an excessive Ca ++ influx into the myocardium. In contrast, the effect on the fetal heart following treatment of pregnant animals with catecholamines is largely unknown. In the investigations described here the following questions were to be answered: 1. Do high doses of the sympathomimetic fenoterol given to pregnant rats cause alterations in the weight and histologjcal appearances of the hearts of fetuses and young animals similar to those described in adult animals by MARMO et al. [6] ? 2. Does treatment with fenoterol and isoprenaline produce a rise in myocardial calcium influx in fetuses similar to that reported in mother animals by FLECKENSTEIN [2] and ARNDTS [1]? S.What are the differences in concentration of fenoterol between fetal and maternal myocardium?
l Materials and Methods
All investigations were carried out on rats of the Chbb: THOM (SPF) strain. Animals were maintained under standardised conditions (airconditioned, germ free rooms; environmental temperature 22°C ± 1°, relative humidity 55% ± 3;lightdark rythm 12 : 12 hours; Altromin -R® standardised dry feed peUets from Firma ALTROMIN GmbH, Lage/Lippe, and drinking water ad libitum). For the anatomical and histological investigation, 20 pregnant rats were given fenoterol 1 ) = l -(3,5-dihydroxy-phenyl)-2 ((l ,4-hydroxy-benzyl)-ethyl)-amino)-ethanol-hydrobromide from the 18th to the 22 st day of pregnancy (day of presence of sperms in vaginal smear = Ist day of pregnancy). A further 10 pregnant animals served äs controls. Subcutaneous dosages were 5.5 and 11 mg/kg body weight/day. The substance was dissolved in 0.9% NaCl; the volume used was 0:5 ml/100 g body weight. Half of the animals were delivered by caesarean section, the other half delivered spontaneously and reared their young for three weeks.
Curriculum vitae
After killing, the hearts of mothers, fetuses and young were removed and the ventricular weights determined. Absolute heart weights were analysed statistically using the t-Test, the relative weights by the U-test according to WILCOXON et al. [10] .
The hearts were fixed in 5% neutral buffered formalin and embedded in Paraplast. Sections were stained with H. E., Masson's trichrome stain and Perl's method for iron. Frozen sections were stained with Fettrot 7B. All H. E. sections were examined additionally under polarised light according to the method of PILNY et al. [7] . The histological changes were graded arbitrarily according to the severity and extent of the lesions äs follows:
1. Mild changes: recognised äs focal areas of interstitial oedema with increased eosinophilia of individual myocytes, small collectionsofmonocytes and histiocytes in the interstitium with slight haemosiderin deposition and slight Collagen formation. These changes were confined to the subendocardial region of the left ventricle commencing at the apex. 2. Moderate changes: consisted of more marked degenerative changes in myocytes and more intense cellular Infiltration with moderate haemosiderin deposition and collagen formation. These changes extended more deeply and more cephally in the wall of the left ventricle and interventricular septum, remaining focal in most instances.
Three groups each of five animals in the 21 st day of pregnancy were used for the estimation of myocardial calcium influx. Group l (controls) received 0.2 rnl physiological saline, group 2, 20 mg/kg body weight isoprenaline and group 3, 11 mg/kg body weight fenoterol subcutaneously. Simultaneously 10 jug/kg 45 CaCl 2 (= 100 //Ci/kg) dissolved in 0.5 ml saline was administered äs a tracer. After 6 hours exposure, the rats were anaesthetized with ether and subjected to thoracotomy, äs described previously by ARNDTS [1]. 5 ml blood were taken from the right atrium, heparinised and centrifuged. Then the heart was removed and the right ventricle was dissected and weighed. The fetuses were removed and decapitated. The blood of all individuals from each litter was pooled (0.5-1.0 ml), heparinised and centrifuged. The fetal hearts were dissected and weighed. The preparation of the tissue and plasma samples was published previously by ARNDTS [1]. The 45 Cacontent in the heart tissue was given äs a percentage relative to the particular plasma activity (% A). Thus, for each animal, the absolute value of the ventricular sample was calculated äs a percentage relative t o the value of the plasma. cpm/g maternal heart cpm/g maternal plasma cpm/g fetal heart X 100 = % A mat ernal X 100 = % Afetal cpm/fetal plasma The radioactivity in the fetal plasma was the average value of the pooled blood plasma from all animals in each litter. Twenty pregnant animals were used for the estimation of fenoterol and its metabolites in the myocardium of dams and fetuses. The animals were divided into 4 groups each of 5 animals. Paired groups received daily 5.5 and 11 mg/kg fenoterol respectively subcutaneously from the 18th to the 22nd day of pregnancy. In one group of each pair only the last dose of fenoterol (22nd day) was radioactively labelled, the other group receiving five doses of radioactive substance (tritium labelling in position 1). We injected 0.1 ml/100 mg body weight. Solutions contained 5.5 or 11 mg 3 H-fenoterol/ml saline (^ 211.5 or 197.7 / ). On the 22nd day of pregnancy the animals were anaesthetised with ether l hour after the last dose. After thoracotomy, the dams were bled by heart puncture and the hearts were then removed. The fresh weights of the hearts of all dams and fetuses were determined. The tissue levels of substance and metabolites combined were estimated from the radioactive content; the tissue level of the substance itself was determined by selective ionpair extraction. The estimation of the radioactivity was carried out according to ROMINGER and POLLMANN [9] . The radioactivity levels determined were converted to quantities of substance using the specific radioactivity of the applied solution and expressed s concentration levels with respect to the fresh weight.
Results
From the 30 pregnant animals, 367 offspring were obtained. 190 fetuses were obtained by caesarean section (69 from control dams and 121 from treated animals) while 173 live births and 4 stillbirths (66 live births from control dams and 107 live births and 4 stillbom from treated dams) followed normal delivery. Four young (l from a control dam and 3 from treated dams) died during the three week post natal period. Canabalism was the immediate cause of death in most cases. After subcutaneous administration of 5.5 and , 11 mg/kg body weight fenoterol, slight but statistically significant increases in the mean heart weights of treated dams were found (Tab. I). No differences in heart weights were seen in the fetuses and young in comparison to the controls. Cauptake previously published by FLECKENSTEIN [3] . These results demonstrate a higher cardiotoxicity of isoprenaline than of fenoterol. Adult male rats are more sensitive than female, non pregnant females more than pregnant. The fenoterol and metabolite concentrations determined in the maternal and fetal heart are summarised in Tab trations of fenoterol metabolites after multiple administration were clearly raised.
Discussion
The questions we raised regarding the effects on the hearts of the fetuses and young of pregnant rats given high doses of fenoterol can be answered äs follows: l. Fenoterol, given subcutaneouslyup to amaximum of 10.000 times the human therapeutic dose, has no effect on the absolute or relative ventricular weights of fetuses or young. A slight, but nonetheless statistically significant increase in heart weightwasfound in dams. The histological fmdings are largely in agreement with these results. No histological evidence of myocardial damage was found either in newborn or 3 week old animals. Although the high sub cutaneous doses of fenoterol produced mild to moderate changes in maternal hearts, infarct-like areas of myocardial necrosis typical of catecholamine toxicity were not seen. Indeed MARMO et al. [6] were unable to produce such necrosis in adult rats given 100 mg/kg body weight of fenoterol, intramuscularly, daily for 4 days. The cardiotoxfc effect of sympathomimetics ismediatedby an excessive Ca" 1 "* influx into the myocardium, activating contractility and exhausing the ATP Stores. 2. No increase in myocardial calcium influx was seeninfetusesfrom dams treated with fenoterol. Isoprenaline also did not cause a rise in fetal myocardial influx. Thus, the in vitro catecholamine sensitivity demonstrated by KAUFMANN et al. [5] , using isolated embryonal chicken hearts, can not be shown to produce cardiotoxic effects on the fetal heart in vivo. S.Marked differences have been shown between the tissue concentrations of fenoterol and its metabolites in maternal and fetal hearts. Very low concentrations were found in the fetuses.
As shown by the estimation of the concentrations of fenoterol and its metabolites in dams and fetuses, the placental transfer of fenoterol to the fetus is markedly reduced. No accumulation of fenoterol in the fetal heart is demonstrated after daily subcutaneous injection of the mother for 5 days. The transfer of fenoterol metabolites is also markedly impaired, although not to the same extent äs the substance itself. The mechanism responsible for the impairment of the placental transfer has not been determined.
The exceptionally low concentrations of fenoterol in the fetal hearts explain why the dosages used, although affecting the dams, were not cardiotoxic in the fetuses.
Summary
It was intended to determine, whether high doses of the sympathomimetic tokolytic drug fenoterol (PARTUSISTEN®) cause cardiotoxic effects in fetuses following administration to pregnant rats. We investigated in fetuses the following details: 1. Is there any myocardial necrosis or an increase of cardiac wheight? 2. Is the fetal myocardial 45 Ca-uptake increased to the same degree äs in adult rats? 3. Is there any diaplacental transfer of fenoterol?
1. For morphological study, 20 pregnant rats were given either 5.5 or 11 mg/kg/day of fenoterol subcutaneously from the 18th to the 22nd day of pregnancy. From 10 rats the fetuses were taken by caesarean section and sacrificed immediätely. Theremaining rats were allowed to deliver normally and rear their young for 21 days. The absolute and relative heart weights of dams., fetuses and young were determined and statistically analysed. Routine and specially stained sections were examined by direct and polarised light microscopy. 2. The myocardial ^Cä^-influx was determined at the 21 st day of pregnancy. 5 pregnant rats receiyed V.c. saline, 30 mg/kg isoprenaline or 11 mg/kg fenoterol. To all animals 10 Mg/kg 45 CaCl 2 (dissolved in l ml saline) was given Lp. After 6 hours radioactivity was determined in the right ventricle and in the blood plasma from dams and fetuses. The absolute radioactivity of the ventricle was calculated äs a percentage relative to the plasma value. 3 . Fenoterol and its metabolites were determined in the myocardium from 2 groups of rats and fetuses follo wing s.c. injections of 5.5 or 11 mg/kg fenoterol from the 18th to the 22nd day of pregnancy. To 5 animals from each group radioactively labeled fenoterol was administered every day, the remaining 5 rats of either gioup received only one single radioactive injection at the 22 nd day. One hour after the last injection the concentrations of both fenoterol and its metabolites were determined in the myocardial tissue. l.The heart weights of fetuses and young from rats pretreated with fenoterol were exactly the same äs from control animals (Tab. I) though the weights of maternal hearts were slightly but significantly increased. None of the fetuses or young examined showed histological evidence of myocardial damage (Tab. II).
The treated dams showed mild to moderate myocardial changes. Infarct-like areas of myocardial necrosis were not observed in any of the animals.
Neither fenoterol nor isoprenaline caused increased 45
Ca-uptake in the fetal ventricles. The increase in myocardial calcium influx in fenoterol treated dams was considerably less than in those treated with isoprenaline (Tab. III). The tabulated results demonstrate further that adult male rats are more sensitive to catecholamine induced cardiotoxicity thanfemales, non-pregnant animals more than pregnant. 3. The diaplacental passage of fenoterol is strongly inhibited. The concentration of metabolites in fetal hearts was approximately one tenth of that found in the dams; the analogue quotient for fenoterol itself is l : 100.
There is no accumulation of fenoterol in the fetal myocardium even after multiple administration.
The absence of changes in the fetuses and young are to be explained by the very low placental transfer of fenoterol. It is quiet unknown by which mechanism the diaplacental transfer is inhibited.
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